The mononuclear cations of the general formula [(g 6 -arene)RuCl(pdpt)] + (pdpt = 5,6-diphenyl-3-(pyridine-2-yl)-1,2,4-triazine; arene = C 6 H 6 (1); C 6 H 5 Me (2); p-Pr 
Introduction
Ruthenium complexes attract more and more attention in view of their applications as biological active species [1] . Two ruthenium-based anticancer drugs, NAMI-A [2] and KP1019 [3] , have completed phase I clinical trials and are scheduled to enter phase II in the near future (see Fig. 1 ). Among classical ruthenium anticancer drugs, polypyridyl-Ru systems have been used as molecular DNA probes owing to their photoluminescence properties and ability to intercalate DNA [4] . These potential DNA-targeting anticancer agents have been screened for anticancer activity. Numerous examples of polypyridyl-Ru complexes including [2, 2 0 -bipyridine, 1,10-phenanthroline, 2,2 0 :6 0 2 00 -terpyridine] have been studied [5] . In all cases, their biological activity was related to their ability to intercalate DNA.
Similarly, organometallic g 6 -arene ruthenium complexes have been investigated as anticancer drug candidates. They are known to interact with DNA to form monofunctional DNA adducts [4c,6] . Therefore, we were interested in combining an arene ruthenium moiety with a polypyridyl ligand able to interact with DNA at its periphery. Herein we report on the synthesis and characterisation of mononuclear arene ruthenium complexes with the polypyridyl chelate ligand, 5,6-diphenyl-3-(pyridine-2-yl)-1,2,4-triazine (pdpt). After coordination to the ruthenium atom, the pdpt ligand still possesses a free pyridyl function for intermolecular interactions. 
General remarks
5,6-Diphenyl-3-(pyridine-2-yl)-1,2,4-triazine (pdpt) and KPF 6 were purchased from Aldrich and used as received.
[(g 6 -arene)Ru(l-Cl)Cl] 2 (arene = C 6 H 6 , C 6 H 5 Me, pPr i C 6 H 4 Me, C 6 Me 6 ) were prepared according to the published methods [7] . The NMR spectra were recorded on a Bruker AMX 400 MHz spectrometer using the residual protonated solvent as internal standard. Infrared spectra were recorded as KBr pellets on a Perkin-Elmer FTIR 1720-X spectrometer. UV-Vis absorption spectra were recorded on an Uvikon 930 spectrophotometer. Microanalyses were performed by the Laboratory of Pharmaceutical Chemistry, University of Geneva (Switzerland). Electrospray mass spectra were obtained in positive-ion mode with an LCQ Finnigan mass spectrometer.
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[(g 6 -C 6 H 6 )Ru(l-Cl)Cl] 2 (100 mg, 0.20 mmol), pdpt (124 mg, 0.40 mmol) and KPF 6 (73.6 mg, 0.40 mmol) are dissolved in methanol (30 mL). The mixture is heated to 50°C and stirred for 4 h. After cooling to room temperature, the volume is reduced and the product is precipitated by the addition of diethylether. The orange solid is filtered, washed with n-pentane and dried under vacuum to give [(g 6 -C 6 ]. The data were measured using a Bruker SMART CCD diffractometer, using Mo Ka graphite monochromated radiation (k = 0.71073 Å ). The structures were solved by direct methods using the program SHELXS-97 [8] . The refinement and all further calculations were carried out using . The H-atoms were included in calculated positions and treated as riding atoms using the SHELXL default parameters. The non-H atoms were refined anisotropically, using weighted full-matrix least-square on F 2 . Crystallographic details are summarised in Table 1 [9] and Figs. 5-7 with MER-CURY [10] .
Results and discussion
The arene ruthenium complexes [(g 6 -arene)Ru(l-Cl)Cl] 2 (arene = C 6 H 6 , C 6 H 5 Me, p-Pr i C 6 H 4 Me, C 6 Me 6 ) react with two equivalents of 5,6-diphenyl-3-(pyridine-2-yl)-1,2,4-triazine (pdpt) in methanol at 50°C in the presence of KPF 6 to form the cationic arene ruthenium complexes 3) and [(g 6 -C 6 Me 6 )RuCl-(pdpt)] + (4), which are isolated as their hexafluorophosphate salts (Scheme 1). The hexafluorophosphate salts of complexes 1-4 are orange-brown, non-hygroscopic, airstable solids. They are sparingly soluble in methanol, chloroform and water, but well soluble in dichloromethane, acetone and acetonitrile. All compounds have been characterised on the basis of elemental analysis, 1 H NMR, IR, UV-Vis and mass spectroscopy. 
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Scheme 1. Synthesis of cations 1-4.
In the mass spectra they give rise to the corresponding [M] + molecular peaks m/z at 525, 539, 581 and 609, respectively. The 1 H NMR spectra of 1-4 exhibit, other than the signals corresponding to the g 6 -aromatic ligand, a characteristic set of fourteen signals for the diastereotopic protons of the pdpt ligand. The ruthenium atom is stereogenic due to the coordination of four different ligator atoms. Upon coordination to the ruthenium atom, the aromatic protons of the pdpt ligand are shifted downfield, especially the H a of the coordinated pyridyl group which is observed at d > 9.0 ppm, while the H d is observed at only 8.7 ppm. Accordingly, the aromatic protons of the phenyl groups are observed as multiplet at d $ 7.45 and 7.75 ppm. The 1 H NMR spectrum of 3 exhibits two doublets for the diastereotopic methyl protons of the isopropyl group. Likewise, the diastereotopic CH protons of the p-cymene ligand give rise to four doublets observed between d = 5.8-6.1 ppm. A septet at d = 2.89 ppm is observed for the CH proton of the isopropyl group. Similarly, the aromatic protons of the toluene ligand in 2 give rise to five multiplets observed between d = 5.79-6.18 ppm and a singlet at d = 2.17 ppm for the methyl group. The UV-Vis data of complexes 1-4 have been recorded in acetonitrile, see Fig. 2 . The electronic spectra display a low energy absorption band in the visible region at $440 nm and an intense band at $300 nm. The low intensity band at $440 nm is assigned to the metal-to-ligand charge transfer transition (MLCT), while the high-energy band at $300 nm is assigned to intra-ligand p-p * transitions [11] .
The molecular structures of [(g 6 -C 6 H 6 )RuCl(pdpt)] + (1) and [(g 6 -C 6 H 5 Me)RuCl(pdpt)] + (2) have been established by single-crystal X-ray structure analysis of their hexafluorophosphate salts. The complexes show typical pianostool geometry with the metal centre coordinated by the arene ligand, a terminal chloride and the chelating pdpt ligand. The molecular structures of [1] [PF 6 ] and [2][PF 6 ] are shown in Figs. 3 and 4 , respectively, and a series of selected geometrical parameters are presented in Table 2 .
In the mononuclear complexes 1 and 2, the metal centres are stereogenic. However, since none of the ligands contains chiral information, they are both obtained as a racemic mixture and crystallised in the centrosymmetric space group P 2 1 /n. The Ru-N bond distances 2.05 and 2. [12] [13] [14] [14] .
In the presence of benzene, compound [1] [PF 6 ] crystallises with two and a half molecules of benzene per asymmetric unit, thus giving rise to multiple intermolecular interactions between the different components of the cell, see Fig. 5 . Among these intermolecular interactions, it is noteworthy to mention the edge-to-face p-stacking inter- actions between the centrosymmetric benzene molecule and the pdpt ligand of two molecules of 1; the C-centroid separation is 3.67 Å [H-centroid = 2.85 Å ] with a C-HÁ Á Ácentroid angle of 147.4°. Moreover, the hexafluorophosphate anion interacts with neighbouring complexes of 1 and solvent molecules through C-HÁ Á ÁF contacts: the CÁ Á ÁF distances ranges from 3.22 to 3.50 Å and the C-HÁ Á ÁF angles ranging from 126.5 to 163.8°.
In the crystal packing of [2] [PF 6 ] Á (CH 3 CN) 2 , the molecules of 2 form a network through p-stacking interactions between parallel aromatic rings of adjacent complexes, see Fig. 6 . There are two types of p-p stacking interactions involve in the multimeric system, a face-to-face and an edge-to-face types. The centroid-centroid separation of the slipped parallel interacting system (face-to-face) is 3.81 Å , while the edge-to-face C-centroid separation is 3.29 Å [H-centroid = 2.58 Å , C-HÁ Á Ácentroid angle = 133.6°]. The distance observed between the p-p interacting systems is in accordance with the theoretical value calculated for this stacking mode [15] .
In addition to the p-stacking interactions, in the crystal packing of [2] [PF 6 ] Á (CH 3 CN) 2 , the hexafluorophosphate anion sits on top of the cationic complex and interacts with adjacent acetonitrile molecules, see Fig. 7 . The distance between the centroid of the 1,2,4-triazine ring of the pdpt ligand and the fluorine atom is 3.00 Å . The hexafluorophosphate anion interacts as well with neighbouring solvent molecules through C-HÁ Á ÁF contacts: the CÁ Á ÁF distances being 3.72 and 3.82 Å with C-HÁ Á ÁF angles of 167.6 and 116.5°, respectively.
In conclusion, we have synthesised and characterised four arene ruthenium complexes with the polypyridyl chelate ligand, 5,6-diphenyl-3-(pyridine-2-yl)-1,2,4-triazine(pdpt). As shown by the X-ray structure analysis of complexes 1 and 2, after coordination to the ruthenium atom, the pdpt ligand possesses a free pyridyl function for intermolecular interactions. The biological activity and DNA interactions of these complexes are under investigation.
